The effect of garlic supplementation on egg traits and productive performance of laying chickens have been widely studied but little information is available on the basis of strains while the issue of level of inclusion is an ongoing debate. This study investigated the effect of garlic supplementation on the productive performance and egg traits of Isa-brown, a specific strain of laying hen. Forty eight Isa Brown layers were randomly selected and allocated to four dietary treatments; each treatment had twelve layers consisting of three in a cage compartment and in four replicates. The treatments consisted a control, 0.5, 1 and 2 % garlic powder supplemented diets and fed to the layers for twelve weeks. Data were collected on growth parameters, egg traits and cholesterol contents. The dietary treatments significantly (p<0.05) reduced the body weight, feed intake, egg weight and hen-day egg production to the least values at the 2 % level of garlic powder inclusion but the feed efficiency was not affected. Garlic supplementation significantly (p<0.05) increased the albumen index, shell index, shell weight, Haugh unit and yolk cholesterol. The 1% garlic inclusion level gave the highest albumen index and Haugh unit while the highest shell index at 2 % garlic supplementation was due to significant (p<0.05) reduction in shell weight. Garlic significantly (p<0.05) decreased the egg yolk cholesterol but did not affect the yolk index and the yolk weight. Garlic supplementation in Isa Brown layers' diet should not exceed 1 % inclusion in order to avoid reduced productive performance and egg quality.
the production rate in the initial and peak egg-laying period, and significantly determined the aroma and taste of boiled eggs [17] [18] [19] .
The consensus has not been reached on the level of inclusion in all these reports and may not be forthcoming as the studies were conducted in different environments in which genotype, environment and genotype x environment interactions would affect the results. Therefore, the objective of this study was to investigate the extent at which garlic powder supplementation in the diets will influence the laying performances and egg traits of Isa-Brown laying hens in South-western Nigeria.
MATERIALS AND METHODS
The study was carried out at the Poultry Unit of the Teaching and Research Farm, Ekiti State University, Ado-Ekiti, Nigeria between 15 th of March to 15 th of June, 2017. Forty eight Isa-Brown layers in 24 weeks of production kept in a 45
x 40 x 38 cm battery cage system equipped with drinkers and feeders in an open sided house with dwarf wall were selected for the study. Four compartments in a cage were randomly allotted to each of the 4 dietary treatments with each compartment containing 3 birds as experimental units in four replicates. The garlic cloves were peeled, washed, sliced to pieces of 3 to 4 mm, sun dried and ground to a mesh size of 160 µm before incorporation into the experimental diets formulated to meet the minimum nutrient requirements for layers [20] as shown in Table 1 .
The proximate compositions of the experimental feeds were determined using standard analytical procedures [21] . The birds were served weighed quantities of feed at 8 a.m. daily. The left over feeds were weighed before serving fresh feed. Fresh, cool and clean water was supplied liberally and uniformly throughout the day. Data were collected on the following:
Performance Parameters
The parameters evaluated are: weight gain; feed intake, egg weight, feed efficiency and hen-day egg production.
i. Weight gain calculated as the difference between the final and initial body weights of the hens;
ii. Feed intake recorded weekly;
iii. Feed efficiency calculated during the 12 weeks of the experimental period in kg of feed kg -1 of egg and iv. Egg production recorded daily and the percentage hen-day production computed as:
Egg Trait Measurements
At the end of the experiment, 8 eggs were collected from each treatment to determine the weights of the egg, shell, yolk and albumen. The egg albumen index, egg yolk index, egg shape index and egg Haugh unit were determined as follows:
Cholesterol determination
At the end of the experiment, 4 eggs were collected from each replicate per treatment, hard-boiled to separate the yolk and cooked yolk weights recorded. The cooked yolk was extracted and subsequently analysed for the cholesterol concentration per yolk in an automatic analyzer (Hitachi 747, Hitachi Co., Tokyo, Japan) by direct enzymatic kits.
Statistical Analysis
The data obtained were subjected to One Way ANOVA using SPSS for Windows, version 11.5 and Duncan's multiple range test [22] was used as means separator where statistical differences of means were obtained. Table 2 shows the effects of garlic powder on the performance characteristics of Isa-Brown laying hens. The initial body weight (BDWs) of the birds were similar (p>0.05) but the treatments had caused significant (p<0.05) weight loss [body weight at the end (BDEe)] at the end of the experiment. Also, the feed intake (FI), egg weight (EW) and hen-day egg production (HdEP) were significantly affected (p<0.05) by garlic supplementation with the lowest BDW e , FI, EW and HdEP were recorded at 2 % while the control, 0.5 and 1 % garlic supplemented diets were similar (p>0.05). However, the feed efficiency (FE) was not affected (p>0.05) by all levels of garlic powder inclusion in the diets. Table 3 shows that garlic supplementation had significant effects (p<0.05) on the albumen index (AI), shell index (SI), shell weight (SW), Haugh unit (HU) and yolk cholesterol (YC) of Isa Brown laying hens. The albumen index was highest (p<0.05) at 1 % garlic inclusion level with while the highest shell index (SI) was obtained at 2 % garlic inclusion level. Garlic inclusion reduced (p<0.05) the shell weight with the highest value of 5.50±0.02 g in the control diet. The Haugh unit was highest (p<0.05) at 1 and 2 % garlic inclusion and least at 0.5% inclusion level. The egg yolk cholesterol (YC) decreased (p<0.05) from 19.27±0.5 mg/g in control to 11.20±0.07 mg/g at 2 % garlic inclusion level. However, garlic supplementation had no effect (p>0.05) on the yolk index and the yolk weight.
RESULTS

Performance characteristics of laying hens fed garlic supplemented diets
Effects of garlic powder on the egg traits of Isa-brown laying hens
DISCUSSION
In this study, garlic inclusion caused progressive decline in body weight, feed intake, egg weight and hen-day egg production in Isa Brown laying hens but did not affect the feed efficiency. The reduced body weight of the hens at the end of the treatment was probably due to mobilization of nutrients in feed and body metabolites stored for laying rather than body weight gain. This is expected as egg laying is an energy sapping activity. The final weight of the hens and hen day production increased up to 1 % of garlic supplementation but were depressed at 2 % garlic inclusion. Earlier reports indicate significant weight gain and increased egg production without effects on feed intake and efficiency when garlic powder was included at 1% in hen's diet [19, 23] . However, the result is not in agreement with reports that body weight gain, egg weight and egg production were not affected when garlic was included in the diets of laying hens [14, 15, 18, 24] . The implication is that garlic inclusion up to 1% enhances growth rate and egg traits but above the depressing effect occurs probably because of the anti-nutritional factors present in garlic. Feed efficiency was not affected by garlic inclusion in this study which agrees with the findings on laying hens [25] ; in native Desi laying hens [26] and in Babcock B-300 laying strains [27] fed garlic supplemented diets. The difference in feed intake obtained however contradicts the reports indicating a direct relationship between feed intake and garlic inclusion in the diets of laying hens [19, [25] [26] [27] while the decrease at 2 % garlic inclusion level was probably associated with the specific odour of garlic [25, 28] . The different results obtained when diets of laying hens were supplemented with garlic powder probably occurs because properly fed healthy birds housed under clean environment and moderate stocking density may not respond to a performance-promoting supplement [29] .
The albumen index, shell index and Haugh unit obtained in this study agree with earlier worker [25] but disagree with the findings of another researcher who fed 5 and 10 g garlic kg -1 of feed to laying hens [15] . The Haugh unit, a trait that determines the quality of the egg was highest at 1% garlic inclusion indicating that the quality of the eggs was best at this level of inclusion which is in agreement with the findings of earlier researchers [18] . The reduction in eggshell weight with increased garlic powder supplementation disagrees with the findings that garlic powder supplementation had a positive effect on the weight of the eggshell [30] .
The yolk index and the yolk weight agree with the reports of earlier researchers [15, 25] but disagrees with the findings of others who obtained a reduction in yolk weight at inclusion levels of 5, 10 and 15 g of garlic kg -1 of feed [31] . The reason for these differences might be due to variations in the levels of garlic powder, differences in strains and/or variation in the environmental conditions. The mean egg yolk cholesterol concentration was reduced by garlic supplementation in this study. Compared to the control diet, there was a 36.64, 38.30 and 36.69 % reduction in egg cholesterol at 0.5, 1 and 2 % garlic supplementations respectively. The decrease in the yolk cholesterol obtained agrees with the reports of previous researchers who obtained significant reduction in egg yolk cholesterol [19, 24] .
CONCLUSION
Garlic supplementation in Isa Brown layers' diet should not exceed 1 % inclusion in order to avoid reduced productive performance and egg quality. 
